Abstract: Water sustainability indices have been recently used to measure the sustainability of water resources within a catchment. Developing a sustainability index involves various steps, some of which have uncertainties associated with them. For the recently developed West Java Water Sustainability Index (WJWSI), three sources of uncertainties were identified, namely uncertainties in the thresholds of noncategorical indicators and sub-indicators, in the weighting schemes, and in the aggregation methods. This paper presents the uncertainty and sensitivity analysis of WJWSI, based on the application of WJWSI to Citarum catchment in West Java, Indonesia. The results of the uncertainty analysis, measured by the coefficient of variation of the thresholds and the sub-indices, indicates that minimum thresholds of Land Use Changes, Coverage, Education, Poverty, Health Impact and Sanitation, and the maximum threshold of Water Quality have higher variation when compared to variation of the other thresholds. The results of the sensitivity analysis, measured by the correlation coefficients between the final index and the thresholds, indicate that changes in the thresholds of WJWSI indicators have not significantly affected the sub-index values of most indicators and sub-indicators. The sensitivity analysis also concluded that either the equal or non-equal weighting scheme can be used for future use of the aggregation of WJWSI indicators and sub-indicators, as changes from equal to non-equal weighting scheme did not significantly affect the final index. However, it was found that the final index values were most sensitive to the aggregation method used (i.e. arithmetic and geometric methods), shown by the significant changes in the final index value when the aggregation method was changed from arithmetic to geometric. The uncertainty and sensitivity analysis presented in this study will not just assist in the efficient use of the WJWSI, but will also help undertake similar analysis for other indices.
Introduction
In one of the most densely populated provinces of Indonesia, West Java, the conditions of water resources are poor. The increase in population in the province has resulted in increased demand for clean water. To fulfil this demand, both surface and groundwater resources in West Java are utilised. The availability of these water resources is abundant, due to high rainfall in most areas of West Java. However, this abundance of water is not properly managed, and has resulted in water shortages in some areas of the province (Rahmat & Wangsaatmadja, 2007) . In terms of their quality, most surface and groundwater resources in West Java are polluted by domestic, agricultural and industrial activities, and thus threaten its sustainability.
Sustainability of water resources is essential to ensure that available water can be used by both present and future generations. In the last decade, the provincial government of West Java has implemented various programs to improve the conditions of water resources and their sustainability. However, these programs have not been successful, due to the lack of awareness of the people of West Java on the importance of water resources. In general, people in West Java are not aware that valuable water resources are deteriorating and need to be sustained (Rahmat & Wangsaatmadja, 2007) . It is therefore important to obtain a comprehensive understanding on the current status of water resource conditions in West Java. Once this information has been obtained, relevant programs can be designed to improve the quality of water resources. A water sustainability index is a useful tool to address this situation.
A water resource sustainability index offers the following benefits:
(i) It can be used to identify all factors contributing to the improvement of water resources (Chaves & Alipaz, 2007; Policy Research Initiative, 2007; Sullivan, 2002) , so that the resources can be used to fulfil present and future needs. (ii) It can be used to assist decision makers to prioritise issues and programs related to water resource management. (iii) It can be used to communicate the current status of existing water resources to the wider community (Policy Research Initiative, 2007) .
A new water sustainability index, called the West Java Water Sustainability Index (WJWSI), was developed with the involvement of local water stakeholders and based on West Java natural and socio-economic characteristics (Juwana et al., 2010a (Juwana et al., , 2010b . In the development of WJWSI, uncertainties existed in the following steps: selection of components and indicators, threshold values, weighting scheme and aggregation method. The Delphi method was used to finalise the WJWSI components and indicators, which was expected to remove uncertainties in the selection of components and indicators by having water experts in West Java provide answers to rounds of Delphi questionnaires to finalise the WJWSI components and indicators (Juwana et al., 2010b) . The other uncertainties are addressed through uncertainty and sensitivity analysis, which are presented in this paper.
The uncertainty analysis of an index focuses on how the variation in the thresholds might affect respective sub-index and final index values (Ayyub, 2011; Esty et al., 2005; Leach et al., 2013) . It also attempts to analyse the uncertainties caused by the possibilities of applying different weighting schemes and aggregation methods. The sensitivity analysis evaluates the importance of thresholds of indicators and subindicators, weighting schemes, and aggregation methods in determining the sub-index and final index values (Clemen & Reilly, 2001; Esty et al., 2005) . Together, the uncertainty and sensitivity analysis determine the robustness of the index that has been developed.
The two methods commonly used for uncertainty and sensitivity analysis are the analytical methods and the probabilistic methods. The Delta method is the widely used analytical method (Hayes, 2011) . The other analytical methods, such as Rosenblueth's Point Estimation Method (RPEM) and Harr's Point Estimation Method (HPEM), are not widely used as the Delta method (Hayes, 2011) . The probabilistic methods aim at analysing uncertainty based on probabilistic occurrences of given input ranges. One of the most popular probabilistic methods is the Monte Carlo simulation, which generates outputs from the ranges of input variables of a model, and then combines these outputs to show the effect of the input variability on the output (Hayes, 2011) .
Currently, there is little information available on the uncertainty and sensitivity analysis undertaken on water sustainability indices. Based on a survey of sustainability indices, it was found that there was only one study which had conducted uncertainty and sensitivity analysis, and it was on an Environmental Sustainability Index -ESI (Esty et al., 2005) .This index was developed to measure the overall environmental sustainability achievement of countries worldwide (Esty et al., 2005) . The ESI aims at providing a logical, systematic and empirical framework to assess environmental sustainability performance within and among countries. It also attempts to identify which environmental issues need higher priority. Uncertainty and sensitivity analysis of ESI was done through Monte Carlo simulations.
This paper discusses the uncertainty and sensitivity analysis of WJWSI, which includes obtaining the distribution functions for the thresholds of each indicator or sub-indicator, conducting the Monte Carlo simulations, aggregating sub-index values using different combinations of weighting schemes and aggregation methods and computing the two measures of uncertainty and sensitivity (coefficient of variation and correlation coefficient, respectively). The Citarum catchment in Indonesia was used as the case study catchment for conducting the uncertainty and sensitivity analysis of WJWSI. The data used for the analysis was from the year 2008.
Citarum Catchment in West Java, Indonesia
The Citarum catchment occupies an area of approximately 7,400 km 2 , which can be divided into three parts; upper (1,771 km 2 ), middle (4,242 km 2 ) and lower (1,387 km 2 ). As illustrated in Figure 1 , three reservoirs have been built in the catchment, which are used to supply water for various purposes, such as domestic, agriculture, power plant and fishery. Average rainfall over the catchment is 2,300 mm/year, and the flow of the Citarum River, gauged at the inlet of Saguling dam is approximately 5.7 billion m In 2008, the total population within the catchment was just over 11 million. The majority live along the river banks, and have directly used the river for various domestic uses, including drinking water. Pressures on the catchment and its rivers come from pollutants from various activities within the catchment. Pollutants from the domestic sector originate from both direct and indirect discharge of black water and grey water of households. Hundreds of industries located along the river also pollute the river due to lack of awareness, as well as lack of law enforcement from relevant authorities. In addition, agriculture and livestock have also contributed to river pollution in the catchment.
Applying WJWSI to Citarum Catchment

Framework of WJWSI
The conceptual framework of WJWSI was developed through an extensive literature review on available sustainability criteria, water resource guidelines and existing water sustainability indices, which then was refined through the application of the Delphi technique and an in-depth interview with key stakeholders (Juwana et al., 2010b) . The final framework of the WJWSI is shown in Table 1 . 
Steps in Applying WJWSI
The steps followed in the application of WJWSI to the Citarum catchment are as follows:
(a) Obtaining Sub-indices The sub-index values were obtained using either the continuous rescaling method or the categorical scale method. The suitable method was chosen based on the nature of the WJWSI indicators and sub-indicators. Based on the characteristics of the indicators and sub-indicators, three groups were considered . The first two groups of indicators and sub-indicators are known as non-categorical indicators and subindicators, while the third group is called categorical indicators.
The first group of indicators and sub-indicators are Water Availability, Land Use Changes, Water Quality, Coverage, Education and Sanitation. For this group, the higher the value of the indicator and sub-indicator, the more preferable it is for water sustainability and vice versa.
Indicators and sub-indicators of the second group are Water Demand, Water Loss, Poverty and Health Impact. For this group, the smaller the value of the indicator and sub-indicator, the more preferable it is and vice versa.
The third group consists of three indicators, namely Information Disclosure, Governance Structure and Law Enforcement. For these indicators, the categorical scale was used to obtain their sub-indices .
(b) Aggregation of Sub-index Values
In the WJWSI, the final index value was obtained by aggregation of sub-index values of indicators and sub-indicators listed in Table 1 . The sub-index values at the component level was not computed, as water sustainability issues and measures to improve them are addressed at the level of indicators and sub-indicators. This approach was also used in ESI (Esty et al., 2005) .
The two most common methods for aggregation of sub-indices are the arithmetic and geometric methods. The former method has been widely used to aggregate sub-indices of various indices including the existing water sustainability indices of CWSI, WPI and WSI (Chaves & Alipaz, 2007; Policy Research Initiative, 2007; Sullivan, 2002) . A survey conducted by Bohringer and Jochem (Böhringer & Jochem, 2007) informs that the arithmetic method is also used by the Ecological Footprint, City Development Index, Human Development Index, Environmental Sustainability Index, Environmental Performance Index, Environmental Vulnerability Index, Index of Sustainable Economic Welfare, Well Being Index, Genuine Savings Index and Environmentally Adjusted Domestic Product. As for the latter method, the geometric method, it is only being used to aggregate sub-indices for Living Planet Index.
In WJWSI, both arithmetic and geometric methods were considered. The preference on which method is more suitable for future use of WJWSI will be determined based on the results of the uncertainty and sensitivity analysis of WJWSI.
(c) Weights for aggregation
Both aggregation methods available in WJWSI (i.e. arithmetic and geometric methods) use weights to aggregate the sub-index values to the final index. Their weights can have either equal or non-equal values. The non-equal weightings for WJWSI were obtained using the Revised Simons procedure (Figueira & Roy, 2002) . The detailed implementation of this procedure can be found in Juwana (2012) .
(d) Index Interpretation
Index interpretation is important to understand the meaning of the sub-index and aggregated index values. For the WJWSI, the interpretation for sub-indices and their aggregated index will be based on a quartile scale with four levels of Performance: Good (75 ≤ value ≤ 100), Medium-Good (50 ≤ value < 75), Poor-Medium (25 ≤ value < 50) and Poor (value < 25). The Performance reflects the condition of the issue(s) related to an indicator, a sub-indicator, or the overall aggregated index at a particular time of assessment and would be used as the basis for relevant Priority of Action to improve the water resource management at the catchment scale. The Priority of Action reflects the priority of action to improve the Performance of indicators or sub-indicators, which is the opposite of its respective Performance . If Performance of an indicator/sub-indicator is Poor, the Priority of Action of the indicator/sub-indicator is High. Conversely, if Performance is Good, the Priority of Action is low.
Data Used and Sub-index Values
The main data used for the application of WJWSI are taken from official and reliable sources of Indonesian databases for the year 2008, namely Bureau of Meteorology of Indonesia, West Java Environmental Protection Agency (EPA), Health Department of Indonesia, Regional Forestry Service of West Java, Bureau of Statistics of Indonesia and Association of Water Companies of Indonesia.
After all required data were collected, the sub-index for each indicator and sub-indicator was calculated. The threshold values in Table 1 were used for the calculation of subindex values for non-categorical indicators and sub-indicators. Then, all sub-indices were aggregated to obtain the final index. The sub-index values of the indicators and sub-indicators, and their respective Performance and Priority of Action values are presented in Table 2 . . The details for calculating the sub-indices for the 13 indicators and sub-indicators used in the WJWSI can be found in Juwana et al. (2014) . 
Uncertainty and Sensitivity Analysis for WJWSI
The WJWSI was developed to assist the water authorities in West Java to address the problems of managing their water resources (Juwana et al., 2010a) . This water sustainability index, as other indices, cannot capture all conditions for the sustainability of water resources in West Java with full certainty. During its development, uncertainties existed (Juwana et al., 2010b) . Thus, it is essential to analyse these uncertainties through uncertainty and sensitivity analysis.
In this paper, the analysis focuses on the non-categorical indicators and sub-indicators. The values of categorical indicators and sub-indicators are kept constant because during this study, there was no uncertainty identified for these indicators and sub-indicators. For the non-categorical indicators and sub-indicators, three sources of uncertainties were identified, namely thresholds values, weighting schemes, and the aggregation methods. The uncertainty of thresholds is due to the range of possibilities for each threshold in WJWSI. The review of existing policies and guidelines has identified different values for thresholds of the majority of non-categorical indicators and subindicators (Juwana et al., 2010a) . Based on these values, the upper and lower values of respective minimum and maximum thresholds were identified for use in the uncertainty analysis, and are shown in Table 3 . For the remaining non-categorical indicators and sub-indicators, ±10% of the base value was used as the upper and lower values for respective minimum and maximum thresholds. The base values are the maximum or minimum threshold for each indicator or sub-indicator, used to obtain the sub-index values of WJWSI indicators and sub-indicators. They were listed in Table 1 and are again presented in Table 3 as 'Max' and 'Min'.
As far as the weighting schemes and aggregation methods are concerned, currently different methods are available for use in WJWSI applications (which become sources of uncertainties as each method might result in different final index values).As discussed earlier, the two weighting schemes available for WJWSI are the equal and non-equal weight schemes, whereas the two aggregation methods available are the arithmetic and geometric methods. The sensitivity analysis of the WJWSI was undertaken to answer the following questions: -Which indicators were the most sensitive to the changes in their threshold values? -Which indicators were the most important in determining the final index value? -Which of the weighting schemes or aggregation methods was the most important in determining the final index value?
Steps of Uncertainty and Sensitivity Analysis of WJWSI
As indicated earlier, the uncertainty and sensitivity analysis was conducted using four steps. Figure 2 presents the four major steps undertaken in this study for conducting the uncertainty and sensitivity analysis of WJWSI.
The first step (Step 1 in Figure 2) is to obtain the distribution functions for the thresholds of each indicator or sub-indicator. 
DF -Distribution Function; TV -Threshold Value; SV -Sub-index Value
Figure 2
Steps for uncertainty and sensitivity analysis of WJWSI The triangular distribution function requires three input values, i.e. minimum, most likely and maximum values (Kroese et al., 2011) .As an example, the triangular distribution that was used for defining the maximum threshold of Water Availability is shown in Figure 3 , using the upper, base and lower values of 1800, 1700 and 1300 m 3 /cap/year respectively (which are extracted from Table 4 ). This figure also shows the statistics of 10,000 samplings from the distribution, which were used in the MC simulation. Using 95% confidence intervals, Figure 3 shows that the mean, lower and upper confidence limits of this threshold are 1,600, 1370.7 and 1,764.6 m 3 /cap/year respectively.
After the distribution functions of all the indicators and sub-indicators were obtained, they were used in Step 2 (of conducting MC simulations). In this step, 10,000 sampling points were used for each indicator and sub-indicator. Each sampling point consists of minimum and maximum thresholds of the indicators and sub-indicators. The 10,000 sub-index values of indicators and subindicators thus obtained were used to identify their Performance, and to evaluate the changes of the Performances against their original (or base)Performances (based on the base values of these thresholds).
In
Step 3, the 10,000 sub-index values of indicators and sub-indicators (from the MC simulations in Step 2) were aggregated using different combinations of weighting schemes and aggregation methods. Thus, the final index values were calculated based on the following combinations:
1. Equal weighting -arithmetic aggregation 2. Equal weighting -geometric aggregation 3. Non-equal weighting -arithmetic aggregation 4. Non-equal weighting -geometric aggregation Each combination was calculated using the 10,000 sub-index values of indicators/subindicators obtained from the MC simulation.
Finally, Step 4 calculates correlation coefficients between thresholds of each indicator or sub-indicator and the final index value, using the SPSS software. To calculate correlation coefficients, 10,000 data of each threshold from the MC simulation, and the corresponding 10,000 final index values from Step 3 were used. These correlation coefficients were also used to evaluate which thresholds were more sensitive to the final 
Results
As described earlier, the uncertainty and sensitivity analysis of the WJWSI was conducted based on data from2008. The results of the uncertainty and sensitivity analysis of the Citarum catchment are presented in Tables5, 6 and7.
To analyse the uncertainties, the coefficient of variation (CV) of the thresholds of indicators/sub-indicators and percentage of unchanged performance of the 10,000 subindex values were used. The CV is the ratio of the standard deviation to the mean value. It indicates the variability of the data compared to the mean of the population (Field, 2005) . In this study, the CV is used to analyse the variability of thresholds of the indicators with respect to their mean values. Higher variability of the threshold indicates higher uncertainty for the respective threshold. Data in columns 4, 5 and 6 in Table 4 were obtained from the results of MC simulation on thresholds. For each threshold, the mean, standard deviation and CV of 10,000 data generated from its distribution function were computed. This table shows that higher CV values belong to the minimum thresholds of Land Use Changes, Coverage, Education, Poverty, Health Impact and Sanitation, and the maximum threshold of Water Quality (which are shaded grey in Table 4 ). This implies that the upper and lower values of these thresholds have resulted in their higher variation as compared to the other thresholds, which indicates higher uncertainties.
The results of the MC simulation, presented in Table 4 , are also used to analyse the sensitivity of the sub-index and final index values to the changes in the thresholds. The sensitivity of the sub-index values of the indicators is analysed by comparing the CV of the sub-index values (column 8 of Table 4 ) with their respective CV of threshold values (column 6 of Table 4 ). The sensitivity of the sub-index values of the indicators was also done by analysing the changes in their Performances.
For most indicators and sub-indicators, the differences in CV of their maximum and minimum thresholds compensate each other in producing the sub-index values, as reflected in their coefficients of variation (e.g. Poverty, Education and Land Use Change). For example, the coefficients of variation for maximum and minimum thresholds for the Poverty indicator (0.10 and 0.70 respectively) compensate each other to produce the coefficient variation of 0.35 for Poverty. The sensitivity of the sub-index of the indicators can also be analysed through their Performance. The Performance reflects the condition of issue(s) related to an indicator or sub-indicator, which was obtained based on the sub-index value of an indicator or sub-indicator. This Performance will be used by water authorities to analyse the condition of water-related issues in West Java. If the MC simulation results in a change in the Performance of the indicator when compared to its original Performance, it indicates presence of uncertainty in the respective indicator. The percentage of unchanged performance was obtained by comparing 10,000 Performances obtained from outputs of the MC simulation with the original Performances of indicators and sub-indicators shown in Table 2 . The original Performance was calculated based on the most likely values for respective indicators (shown in Table 3 under'Max' and 'Min' values). Table 4 (column 9) presents the change in performance of 10,000 Performances of each indicator or sub-indicator obtained from the MC simulation with respect to its original performance. According to Esty (2005) , if the changes in performance is less than 10%, then the uncertainties are considered insignificant. From Table 4 (column 9), it can be seen that performances has not changed for most of the indicators and subindicators, except for Water Demand and Health Impact. The performances of Water Demand and Health Impact indicators have changed 4,003 times (40.03%) and 1,726 times (17.26%) during the MC simulation from Medium-Good to Medium-Poor respectively, as their original sub-index values were close to the Performance boundary. Thus, even though the performances of these two indicators have changed significantly during the simulation, it cannot be used to conclude that these two indicators are sensitive.
The sensitivity analysis of the WJWSI was also undertaken, based on the correlation coefficients of the thresholds of the indicators and the final index value. The correlation was based on the Spearman correlation method (Field, 2005) , with the two-tailed probability value for its significance. These correlation coefficients between the thresholds and the final index value are presented in Table 5 .This table shows that the maximum threshold of Poverty has produced the highest correlation coefficient (0.520), while the minimum threshold of Water Quality produced the lowest correlation (0.004). The correlation coefficient should lie between the values of -1 and 1. A perfect negative or positive correlation is indicated by a value of -1 or 1, respectively. A correlation coefficient value of 0 represents no correlation between the variables (Caldwell, 2010; Lind et al., 2000) . Further interpretations of correlation coefficients are provided by different authors. Lind et al. (2000) consider correlation coefficients as strong (>0.67), moderate (between 0.33 and 0.67) and weak (<0.33). Caldwell (2010) interprets correlation coefficients as no correlation (0 -0.2), weak (0.2 -0.4), moderate (0.4 -0.6), strong (0.6 -0.8) and very strong (0.8 -1).
According to the above interpretations, only the maximum threshold of Poverty has a significant effect on the final index (or is the most sensitive), compared to changes in the other thresholds. The positive correlation of the Poverty indicator implies that the increase in its maximum threshold will produce an increase in the value of the final index. As mentioned earlier, the sensitivity analysis in this study also aims to answer the question regarding which of the weighting schemes and aggregation methods was the most important in determining the final index value. To answer this question, different combinations of weighting schemes and aggregation methods were considered. As mentioned earlier, 10,000 sub-index values corresponding to each indicator/subindicator obtained from the MC simulation were used to compute final index values. The mean of the 10,000 final index values obtained from these computations are presented in Table 6 . From Table 6 , it can be seen that a change from equal to non-equal weights resulted in a change in the final index value of 3.7 and 1.52 for arithmetic and geometric aggregation methods respectively. On the other hand, a change from arithmetic to geometric aggregation methods resulted in a change in the final index value of15.67 and 10.45 for equal and non-equal weighting schemes respectively. Based on these results, it can be concluded that the final index value of WJWSI is more sensitive to changes in the aggregation method, rather than to the changes in the weighting scheme. Hence, for future uses of the WJWSI, either equal or non-equal weighting scheme can be used, as it will not have a significant impact on the final index.
The aggregation method recommended for the WJWSI is the geometric method (which is used by multiplying the weighted sub-index values). With the geometric method, substitutability and compensability among the sub-index values of the indicators does not occur, which means that low values of some sub-indices are not compensated with high values of other sub-indices. For example, two cases with significant differences in their sub-indices will have different aggregated index values, even if their weighted average sub-index values are identical. Poor indicator performances, shown by the low sub-index values, will be reflected in the aggregated index value. In contrast, when the arithmetic aggregation method is used, poor performances of a few indicators will not be reflected in the aggregated index value if other indicators perform well. Hence, with this aggregation method, perfect substitutability and compensability among all subindices occur. Since the differences of sub-index values among WJWSI indicators are important, they are better reflected in the final index obtained with the geometric aggregation method than with the arithmetic method (Böhringer & Jochem, 2007) .
Summary and Conclusions
Developing an index involves different steps, many of which include uncertainties. The West Java Water Sustainability Index (WJWSI) was recently developed and three sources of uncertainties were identified during that stage, namely the thresholds of noncategorical indicators and sub-indicators, the weighting schemes and the aggregation methods. To assist the water authorities in West Java (or other users of WJWSI) in their better use of the index, these uncertainties need to be taken into account when applying the index. Therefore, the uncertainty and sensitivity analysis of WJWSI conducted in this study is important towards minimising the identified uncertainties. This paper analyses the uncertainties based on its application to one of the biggest catchments in West Java, the Citarum catchment, for the year 2008.
The results of the uncertainty analysis of the thresholds of WJWSI indicators, shown by their coefficient of variation from 10,000 Monte Carlo simulations, indicate that the minimum thresholds of Land Use Changes, Coverage, Education, Poverty, Health Impact and Sanitation, and the maximum threshold of Water Quality have higher variation as compared to the other thresholds. Thus, it can be concluded that these thresholds have higher uncertainties associated with them.
The sensitivity analysis also showed that changes in the thresholds of WJWSI indicators have not significantly affected the sub-index values of most indicators and sub-indicators. The only exception to this is the Water Availability indicator, whose sub-index value changed significantly by the changes in its thresholds. As a consequence, if water authorities in the Citarum catchment preferred to use different threshold values for this indicator, they need to be aware of the possible significant changes in the sub-index value of the indicator.
The sensitivity analysis in this study also showed that only the maximum threshold of Poverty had statistically significant correlation with the final index. Hence, it can be concluded that for this sub-indicator, changes in its thresholds will significantly change the final index. However, for other indicators and sub-indicators, changes in their thresholds will have a low impact on the final index value as the correlation was low. Due to the significant changes either in the sub-index values or the final index value, it is recommended that the water authorities in West Java obtain more catchment-specific values for the thresholds of Water Availability and Poverty indicators. Such values for the thresholds of these indicators are expected to provide more certainty to their sub index values and to the final index.
As far as the uncertainty associated with the weighting scheme is concerned, the sensitivity analysis concluded that either equal or non-equal weighting scheme can be used for future use of WJWSI, since changes from equal to non-equal weighting scheme did not significantly affect the final index. However, it was found that the final index values were sensitive to the aggregation methods (i.e. arithmetic and geometric methods), shown by the significant changes in the value of the final index when the aggregation methods were changed from arithmetic to geometric.
The uncertainty and sensitivity analysis presented in this study will provide the water authorities and users of WJWSI with useful information on how to effectively apply the WJWSI. This includes the use of appropriate thresholds of the indicators and subindicators, weighting scheme and aggregation method. There is little information available in literature on the use of uncertainty and sensitivity analysis in water sustainability indices. Hence, the methods used in this study can also be used for uncertainty and sensitivity analysis of other sustainability indices.
